SUMMARY The effect of iron on the attachment of gonococci to human spermatozoa was investigated using the three iron salts, ferric chloride, ferric nitrate, and ammonium ferric citrate (AFC). Ferric chloride and ferric nitrate were found to be unsuitable for such studies because they were insoluble at physiological pH values, produced a marked decrease in the pH of unbuffered medium (Ringer's solution), and agglutinated spermatozoa. AFC, in contrast, was soluble at physiological pH, did not affect the pH value of Ringer's solution, and did not agglutinate spermatozoa. When gonococci and spermatozoa were mixed together in media with and without AFC, the proportion of spermatozoa with adherent gonococci was approximately the same in each case. Thus, in contrast to a previous report, we have found that the addition of iron does not increase the attachment of gonococci to human spermatozoa.
Introduction
The ability of bacteria to acquire iron from host tissues is an essential feature of the pathogenesis of many bacterial infections (Weinberg, 1978) , and recent studies with Neisseria gonorrhoeae suggest that this phenomenon may prove to be important in gonorrhoea. Addition of exogenous iron has been shown to promote the growth of gonococci in vitro (Kellogg et al., 1968) , to induce reversion of type 4 colonies which are unassociated with virulence to colonies with virulence-associated type 1 morphology (Hafiz et al., 1977) , to enhance the survival of serumsusceptible strains of N. gonorrhoeae in the presence of serum (Johnson et al., 1978; Norrod and Williams, 1978) , and to enhance the virulence of gonococci for chicken embryos (Payne and Finkelstein, 1975) . Furthermore, strains of gonococci isolated from patients with disseminated disease exhibit an enhanced ability to acquire iron in experimental infections of chicken embryos , and one such strain produces an ironchelating factor which promotes growth of gonococci in low-iron medium .
It has also been reported that addition of iron salts promotes the attachment of gonococci to human spermatozoa (James et al., 1976) . Such an effect could be important because factors which enhance attachment of gonococci to host tissues would tend to increase the likelihood of the organisms successfully colonising host epithelial surfaces. This study was therefore undertaken in an attempt to confirm and extend the observation that iron salts promote attachment of gonococci to spermatozoa.
Materials and methods

BACTERIA
Type 1 gonococci (Kellogg et al., 1963 ) of strain 192A (McGee et al., 1976 were used in all studies.
REAGE NTS
Stock solutions of ferric chloride and ferric nitrate (100 mmol) were prepared, sterilised, and stored as previously described (James et al., 1976 colony-forming units/ml. 8 The test mixture used in attachment experiments consisted of 0 5 ml of gonococcal suspension, 0.1 ml of either an iron solution or control fluid (that is distilled water or a solution of ammonium citrate), and 0.4 ml of sperm suspension. In any given experiment, the spermatozoa and gonococci were both suspended in either RS or MEM but never in a mixture of the two. The iron solutions were routinely preincubated with the gonococci for 20-30 minutes and then, following the addition of spermatozoa, the test mixtures were incubated in a water bath at 37°C for 15 minutes, during which time the suspensions were agitated at intervals by gentle manual shaking.
EVALUATION OF ATTACHMENT OF GONOCOCCI TO SPERMATOZOA
At the end of the incubation period, two separate drops from each suspension were placed on a glass slide using a Pasteur pipette and allowed to dry in air. The slides were fixed overnight in methanol, then Gram stained. A minimum of 200 spermatozoa for each drop was counted at x 650 magnification, and the percentage with one or more diplococci attached was determined. All slides were coded before microscopical examination to reduce observer bias in determining the degree of attachment.
Results
SOLUBILITY OF IRON SALTS
In initial experiments, attempts were made to supplement HEPES-buffered MEM, pH 7.2, with iron in the form of either ferric chloride or ferric nitrate. Both these salts however reacted upon mixing (Table 1) and had no effect at all on the pH of MEM buffered with HEPES (Table 2) .
AGGLUTINATION OF CELLS BY IRON SALTS
To assess the effect of iron on the interaction of gonococci and spermatozoa, attachment studies were i The proportion of spermatozoa with gonococci attached to them did not vary markedly when cells suspended in RS pH 6.8 were compared with cells suspended in RS containing either AFC or ammonium citrate (Table 1) . A slight increase in the proportion with adherent gonococci was however observed with spermatozoa suspended in RS pH 3.1 (Table 1) . When spermatozoa were suspended in RS supplemented with either ferric chloride or ferric nitrate, accurate determination of the proportion with attached gonococci was not possible owing to * 4a A. P. Johnson and M. F. Osborn the tendency of the spermatozoa to agglutinate. In such samples however counts performed on free spermatozoa indicated that about 750o of the cells had adherent gonococci (Table 1) .
In experiments in which HEPES-buffered MEM (pH 7.2) was used as the suspending medium, addition of iron (at a final concentration of 10 pg/ml) in the form of AFC did not have any effect on the proportion of spermatozoa to which gonococci attached (Table 2) .
Discussion
Previous work on the interaction of gonococci with spermatozoa in vitro indicated that adherence of the bacteria is enhanced in the presence of iron salts (James et al., 1976) . The findings presented here however suggest that the circumstances of their study may have been rather adverse and that the degree of attachment may have been raised for a number of reasons. In our study, addition of the iron salts, ferric chloride or ferric nitrate, produced immediate agglutination of the sperm cells. Some cells entangled in the clumps would be less accessible to gonococci and consequently the ratio of gonococci to accessible group.bmj.com on October 28, 2017 -Published by http://sti.bmj.com/ Downloaded from spermatozoa (that is, spermatozoa which have an opportunity to come into contact with a gonococcus) would be increased. This would be expected to result in an apparent increase in the degree of attachment of gonococci if counts were performed only on free spermatozoa, since the degree of attachment has been shown to be directly related to the ratio of gonococci to spermatozoa in the reaction mixture (James-Holmquest et al., 1974) . In our study, the agglutination of spermatozoa by the iron salts appeared to be non-specific with regard to cell type, since erythrocytes of three different blood groups were also agglutinated. James et al. (1976) , in contrast, made no comment about agglutination of spermatozoa; however they used pooled semen samples which had been frozen in glycerol and incubated their mixtures on a continually shaking water bath. These experimental conditions were slightly different from ours and may possibly have led to less agglutination of spermatozoa than seen by us.
Attachment of gonococci to spermatozoa in the presence of ferric chloride or ferric nitrate was also apparently enhanced because these iron salts produced a marked decrease in the pH value of the unbuffered suspending medium (RS). When the attachment of gonococci to spermatozoa suspended in RS pH 6.8 was compared to the attachment observed with gonococci and spermatozoa suspended in RS pH 3-1 (the pH value of RS supplemented with 0.1 mmol ferric chloride or ferric nitrate) enhanced attachment occurred at the lower pH value (Table 1) . Thus, some of the enhanced attachment apparently produced by ferric chloride or ferric nitrate is due, at least in part, to the effect these salts have on the pH of the medium. This is further borne out by the observation that iron in the form of AFC, which failed to lower the pH value of RS to any marked degree, failed to enhance attachment of the bacteria to the spermatozoa.
The observation that the pH value of RS supplemented with ferric chloride or ferric nitrate at a final concentration of 0.1 mmol is in the range 3.0.3.5 has important implications in that this pH range is several orders of magnitude lower than that found in vivo. Thus, observations made on the interaction of gonococci with spermatozoa under these conditions may not be relevant to interactions that occur under conditions of physiological pH. Since ferric chloride and ferric nitrate were insoluble at pH values close to neutrality, subsequent studies were performed using the soluble iron complex AFC. This compound was soluble in both RS pH 6.8 and in MEM buffered with HEPES at pH 7.2, the normal pH value of spermatozoa (Diem and Lentner, 1970 
